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[57] ABSTRACT 

A bandpass amplifier employing a field effect transistor 
amplifier first stage (10) with a resistive load (R 2 ) either 
a.c. or directly coupled to the non-inverting input of an 
operational amplifier second stage (20) which is loaded 
in a Wien Bridge configuration. The bandpass amplifier 
may be operated with a signal injected into the gate 
terminal (G) of the field effect transistor and the signal 
output taken from the output terminal of the operational 
amplifier. The operational amplifier stage appears as an 
inductive reactance, capacitive reactance and negative 
resistance at the non-inverting input of the operational 
amplifier, all of which appear in parallel with the resis- 
tive load (R 2 ) of the field effect transistor. 

10 Claims, 1 Drawing Figure 
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LOW NOISE TUNED AMPLIFIER 

ORIGIN OF THE INVENTION 

The invention described herein was made by an em- 
ployee of the United States Government and may be 
manufactured and used by or for the Government of the 
United States of America or for governmental purposes 
without the payment of any royalties thereon or there- 
for. 
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in a reactive impedance configuration, such as a Wien 
Bridge. 

BRIEF DESCRIPTION OF THE DRAWING 

5 The invention will be more readily appreciated when 
considered with the accompanying solitary FIGURE 
wherein a schematic diagram for a two stage amplifier is 
shown. 

« 0 DETAILED DESCRIPTION OF THE 

INVENTION 


TECHNICAL FIELD 

The invention relates to circuitry which may function 
as an amplifier and more particularly, to amplifiers 
which are tuned. 

BACKGROUND ART 

Amplifiers with low input noise and high input impe- 
dance are desired in certain applications, such as where 2Q 
the input signal is derived from a high impedance 
source with a low level signal output. Examples are 
instruments where an input signal is generated by an 
infrared sensor such as a bolometer or photovoltaic cell. 

In such cases, it has been customary to employ a lock-in 25 
amplifier comprised of a tuned pre-amplifier followed 
by a phase sensitive detector with a low-pass filter. 
Typically, great care has been required with the pre- 
amplifier design. 

The use of bipolar transistors as the active component 3Q 
of the first stage of such an amplifier has not always 
proved satisfactory because the input impedance would 
be too low and/or because its current noise would be 
too high. Where a field effect transistor (FET) was 
substituted for the bipolar transistor in the first stage of 35 
the amplifier, the input impedance no longer presented 
a problem because the input impedance of the device 
was inherently high but other problems remained. The 
state-of-the-art in sensor amplifiers includes an amplifier 
with a FET first stage driving a second stage which is 40 
often an operational amplifier. However, to obtain a 
low noise characteristic from the first stage, a large 
drain to source current is required which necessitates 
the use of a small load resistor. This, in turn, results in a 
low first stage gain which allows a significant portion of 45 
noise from the second stage to effectively appear at the 
input to the first stage. This undesirable characteristic 
can be avoided by employing a low noise second stage 
operational amplifier; however, these devices are very 
expensive. The prior art, therefore, does not provide an 50 
inexpensive, low noise amplifier with a high input impe- 
dance characteristic. 

STATEMENT OF INVENTION 

Accordingly, it is an object of the present invention 55 
to provide an inexpensive, low noise, high input impe- 
dance tuned amplifier. 

Another object is to provide an amplifier suitable for 
use with sensors having low output signal levels. 

A further object is to provide an amplifier suitable for 60 
use with sensors having high output impedance charac- 
teristics. 

Yet another object is to provide an amplifier suitable 
for functioning as a preamplifier for a lock-in amplifier. 

According to the invention, these and other objects 65 
are attained by a tuned, two stage amplifier, the first 
stage of which utilizes a FET amplifier driving the 
non-inverting input of an operational amplifier loaded 


Referring to the FIGURE, the amplifier of this in- 
vention is shown as having a first amplifier stage 10 
coupled to and driving an operational amplifier second 
stage 20 . The first stage includes a field effect transistor 
Ti, which may be a JFET No. J1 10. A coupling capaci- 
tor Ci is connected to the gate terminal G of transistor 
Ti for applying an input signal to the amplifier. The 
only requirement of the capacitor, in terms of size, is 
that it be large enough to prevent appreciable signal loss 
thereacross throughout the frequency band of operation 
with a given signal source output impedance. The gate 
G is also connected to ground through a leakage resis- 
tor Ri which, in essence, determines the input impe- 
dance of the circuit. Essentially no current flows from 
the gate to ground, i.e., the gate operates at about 
ground potential. A power supply V is connected to the 
drain connection D of Tj through a resistor R2 while a 
resistor R3 is connected between the source connection 
S of Ti and ground. Resistors R2 and R3 establish the 
d.c. load line for field effect transistor T\. The drain 
may be operated about a center biased position. A by- 
pass capacitor C2 is connected across resistor R3 to 
effectively remove resistor R3 as part of the a.c. load 
line. The required value of C2 is understood to be de- 
pendent on the frequency of operation, i.e., it must 
present an impedance value that is small compared to 
R3 throughout the operational frequency band. It must, 
additionally, be small compared to 1/gm, which estab- 
lishes the input impedance for the stage, to block the 
d.c., but not affect the a.c. impedance. If affected, it 
would reduce the gain and produce a phase shift. The 
output signal from the first amplifier stage 10 is taken 
from the drain connection D of Ti and may be a.c. 
coupled through a capacitor C3. The first amplifier 
stage 10, designed with a relatively small in magnitude 
load resistor R2 yields a gain in the range of about 7 to 
10 and displays an essentially flat frequency response 
when not additionally loaded with the second stage 20. 
For an effective instrument preamplifier the require- 
ment for overall voltage gain where the second ampli- 
fier stage 20 may be noisy, however, is about from 50 to 
100 . 

The signal from the first stage 10 is applied to the 
non-inverting input of an operational amplifier OA1 
which may be an HA2605, manufactured by the Harris 
Corporation. For the purposes of this disclosure, an 
operational amplifier is considered to be an amplifier 
with an inverting input, a non-inverting input, a very 
high input impedance, very low output impedance and 
very high gain. The operational amplifier OA1 is loaded 
with resistors R4 through R9 and capacitors C4 and C5. 
This particular load is in the form of a reactance impe- 
dance configuration, such as a Wien Bridge. One arm of 
the bridge is comprised of resistors R5 and R6, another 
arm is comprised of resistor R4, a third arm of resistors 
R7 and Rs and capacitor C4 and the fourth arm is com- 
prised of resistor R9 and capacitor C5. Resistor R4 is 
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connected between the output and the inverting input 
of operational amplifier OAi. Resistor R5 is connected 
at one end to the junction of R4and the inverting input 
of OAI and, at the other end, to one side of a potentiom- 
eter R6. The other side of potentiometer Reis grounded. 5 
The output of the operational amplifier OAI is also 
connected to the non-inverting input of the operational 
amplifier by a series network consisting of capacitor C4, 
resistor R7 and a potentiometer Rs. The non-inverting 
input also has a parallel network consisting of capacitor 10 
C5 in parallel with resistor R9, both of which are con- 
nected between itself and its connection with resistor 
Rg, and ground. Both the inverting and non-inverting 
inputs of the operational amplifier may be operated 
essentially at zero potential. The output of the opera- 
tional amplifier is connected to a utilization circuit or 
device (not shown) through a coupling capacitor C6. 

The overall operation of the amplifier in terms of 
center frequency, Q, and gain can be varied by chang- 2Q 
ing the values of the Wien Bridge components. Fine 
tuning in terms of Q, gain and center bandpass fre- 
quency may be accomplished by varying the adjustable 
resistance magnitudes of potentiometers R$ and Rs of 
the Wien Bridge. To help understand how these circuit 25 
characteristics may be predictably changed, an analysis 
follows of the characteristics of the operational ampli- 
fier, loaded in a Wien Bridge configuration. The voltage 
gain K between the non-inverting input and the output 
of the operational amplifier, ignoring R6, may be ex- 30 
pressed as: 


4 

of the total input admittance, at resonance, can be ex- 
pressed as: 


k'X c 4 

03 C 5 Rl 2 4 - X C 4 2 

If C5 is made equal to C4 as a design requirement, then 
C4—C5, which can be made equal to C for the purpose 
of the following analysis. The above expression for 0C5 
can then become: 


o>C = • 


oiC 


( R * + lfer) 


which may be further reduced to: 
2 — 1 2 

“ 2 = -^T ot '“ 2 - 
at resonance, is 


W - 1 )> 

" C«7 


because <i> re j=2'n-f re j, 


f (*’ - 0 * 
Jres “ IrrCRj 


k= 1 +R4/R5 

This expression may be further simplified to read: 35 
k = 1 + k' where k' = R4/R5. 

A simplified expression for the input admittance, 
looking into the non-inverting terminal of OAI, may be: 


In a particular embodiment of the invention having the 
specific circuit parameters identified in the drawing, the 
resonant frequency of the amplifier is approximately 
100 Hz. If R2 is made equal to R7 as a further design 
requirement, they can be made equal to R for analysis 
purposes. The real portion of the total input admittance 
may then be expressed as: 


40 


—k Ri + JXc4 

Yin = Rn ~'JX C4 x R 7 + JX C 4 

—kR-j kJX c 4 

“ Ri 2 + * r4 2 ” r 7 2 + x c4 


45 


y. - -L _ K R 

Ri + . L 


which can be reduced to 


A determination of the input admittance is important 
because it indicates the circuit characteristics in terms of 
such factors as gain, Q and resonant frequency. The 50 
total admittance, as seen from the drain terminal of the 
first stage field effect transistor Ti, is determined by 
considering the load resistor R2 and the shunt load im- 
pedance due to the reactance of C5 along with the ad- 
mittance as determined above looking into the non- 55 
inverting input of OAI. The resistance due to R9 is not 
considered in the determination of the admittance be- 
cause the magnitude thereof is very large. The total 
admittance can then be expressed as: 


Ytot. « 



k'R-j 

«7 2 + 4l 



k'X ci 

Ri 2 + 4t 
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where co — 2irf. 

At resonance, by definition, the coefficients of the J 
term reduce to zero. Therefore, the imaginary portion 



It is important to analyze the real portion of the input 
admittance because this determines the effective load 
impedance of the field effect transistor which, in turn, 
establishes the gain. For a gain improvement factor of 
10, i.e., where the gain of the overall (pre) amplifier is 
ten times greater than the gain of the field effect transis- 
tor first stage 10 unloaded, an effective increase of the 
resistive load by a factor of 10 is desired. Therefore, 

yri = 10V = 2 R k > k * 19 

This indicates that if the gain of the first stage, without 
feedback, is G w Rl, or G m R2, the gain can be improved 
by a factor of 10, with feedback, if the ratio of R4 to R5, 
again ignoring R& is 1 . 9 . This is accomplished by mak- 
ing the ratio of R4 to R5 equal to 2 and then reducing the 
ratio by varying potentiometer R6 to a value that will 
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reduce the ratio of R4to R5, with R6, to 1 . 9 . The overall 
gain of the (pre) amplifier will be G m R x gain improve- 
ment factor, where the gain improvement factor is a 
function of the R4, R5 ratio. As R.6 is reduced in value, 
the R4, R5 ratio (k') approaches 2 and the gain improve- 5 
ment factor will increase. Typically, G m R will have a 
value approximately equal to 8. If the gain improvement 
factor is 10, then the overall amplifier gain will be equal 
to 80 . 

The Q of the (pre) amplifier is given by: 10 

n _ oiC _ oi RC 
Yri ~ 2 - k! 

From the equation the resonent frequency 15 

wRC = (k'-l)i, 

o - .(i—T-ili. I_ 

U - (2 - *') - 2 - k' 20 

If k' is 2 , the network will oscillate. The potentiometer 
R6 is used to make the ratio less than 2 , For a Q of 10 , 
k', including the value of R6 with R5, must be approxi- 
mately 1 . 9 . 25 

In actual practice, changes or adjustments in the de- 
sign parameters are made in the following manner. 
Changes in the center bandpass or resonant frequency 
can be made by changing the magnitude of R2 and R7 
equally. A change in R5 will change the circuit Q. A 30 
change in R6 will change both the Q and the gain im- 
provement factor. After varying R6, Rs can be varied to 
readjust to the desired center bandpass frequency. 

For the above described amplifier to operate satisfac- 
torily as a preamplifier for a very low level signal from 35 
a high impedance source, overall low voltage noise is a 
primary consideration. To achieve this result the first 
stage itself must not only operate with low voltage 
noise, but it must have a voltage gain that is sufficiently 
high to effectively overcome the voltage noise contri- 4Q 
bution of the second stage to the effective input voltage 
noise as seen at the input to the first stage. This is be- 
cause the rms noise that appears at the input is equal to 
the square root of the sum of the rms input noise con- 
tributed by the first stage squared, plus the rms noise of 45 
the second stage divided by the voltage gain of the first 
stage, squared. Accordingly, the voltage noise for a two 
stage amplifier may be expressed as: 

(E NI ) 2 =(E Nn ) 2 +(E m2 /ki) 2 5Q 

wherein: 

Eiv/= total input voltage noise at the front end; 

Emi= input voltage noise at the front end attributable 
to the first stage; 

Etv/ 2^ input voltage noise of the second stage; and 55 
ki = voltage gain of the first stage without feedback 
from the second stage. 

Consideration of the given relationship clearly indi- 
cates that the effect of the second stage noise on the 
amplifier front end can be effectively eliminated by 60 
making the first stage gain very high which is an attri- 
bute of the instant invention. 

Ordinarily, a small load resistor is required for the 
first stage to establish a high DC current to keep the 
voltage noise contributed by the first stage low. The 65 
small load resistor, however, inherently implies a low 
gain because, as previously discussed, the gain for the 
stage is generally given as G m Rz,, i.e., the transconduct- 
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ance of the active device times the magnitude of the 
load resistance. In the past, it has proved difficult to 
achieve a low voltage noise first stage amplifier and at 
the same time, avoid reflection of a substantial amount 
of the second stage noise at the input. The invention 
teaches a circuit approach in which the seemingly mu- 
tually exclusive requirements need not be compro- 
mised. This is achieved because the invention allows the 
first stage’s physical load resistance to be low in magni- 
tude and thereby establish a large quiescent current and 
low voltage noise but also allows the use of a second 
stage providing a negative resistance which is larger 
than the load (drain) resistance of the first stage and 
which is reflected as part of, and in parallel with, the 
load resistance of the first stage. The first stage, there- 
fore, can operate with both high quiescent current and 
high gain. The second stage also reflects an inductance 
and a capacitance, also in parallel with the first stage 
load resistance, which give the overall circuit a tuned 
characteristic. The magnitudes of the reactances are 
frequency dependent with the frequency of interest 
being the resonant frequency for the particular circuit. 
At resonance, the inductive and capacitive reactances 
cancel and form a bandpass characteristic centered 
around the resonant frequency. To provide an impe- 
dance which appears as an inductive reactance, capaci- 
tive reactance and negative resistance, at resonance, the 
non-inverting input of an operational amplifier is con- 
nected in a Wien Bridge configuration. 

The typical voltage noise characteristic of the overall 
(pre) amplifier of the invention may be approximated 
for the disclosed circuit as follows. The input voltage 
noise at the front end attributable to the first stage 
(Etv/i) is typically about 5 nv. The input voltage noise 
of the second stage (Ejv/2) for an inexpensive opera- 
tional amplifier is typically about 40 nv. The voltage 
gain of the first stage without feedback from the second 
stage (k) when operated in the low noise (high current) 
mode is typically about 8 as previously given: 

(E N j) 2 = (Em) 2 + (E Nn /k x ) 2 
= (5nv) 2 + (40 nv/ 8) 2 
J Fjv/s 7 nv 

Accordingly, it has been shown that the (pre) ampli- 
fier of this invention is capable of operating with very 
low overall voltage noise while employing an inexpen- 
sive operational amplifier second stage and while simul- 
taneously having a high grain, narrow bandwidth char- 
acteristic. 

It will be readily apparent to those skilled in this art 
from the detailed description and drawings that which 
is shown and described is only the preferred embodi- 
ment of the invention and the best mode contemplated 
for carrying out the invention. The invention, therefore, 
is capable of other and different embodiments, and its 
several details are capable of modifications in various 
obvious respects, all without departing from the inven- 
tion. Accordingly, the drawings and description are to 
be regarded as illustrative in nature, and not as restric- 
tive. 

I claim: 

1 . A tuned, low noise amplifier comprising: 
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a first amplifying stage including a field effect transis- 
tor with gate, drain and source connections and 
having both signal input and signal output means; 

a second amplifying stage driven by said first amplify- 
ing stage from said first stage signal output means 
and including an operational amplifier having in- 
verting and non-inverting inputs and a second stage 
signal output means, said operational amplifier 
being loaded in a reactive impedance bridge con- 
figuration and said second stage reflecting a nega- 
tive resistance in parallel with said first stage signal 
output means. 

2. The amplifier of claim 1 wherein said bridge con- 
figuration is a Wien Bridge. 

3. The amplifier of claim 2 wherein said Wien Bridge 
configuration load comprises a first resistance (R 4 ) con- 
nected between said second stage signal output means 
and said inverting input, a second resistance (R 5 , Re) 
network connected between said inverting input and 
ground, a shunt capacitance (C 5 ) — third resistance (R 9 ) 
network connected between said non-inverting input 
and ground and a series capacitance (C 14 ) — fourth resis- 
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tance (R 7 , Rs) network connected between said second 
stage signal output means and said non-inverting input. 

4. The amplifier of claim 3 wherein the value of said 
first resistance (R 4 ) approaches twice the value of said 

5 second resistance (R 5 , R 6 ). 

5. The amplifier of claim 3 wherein said field effect 
transistor has a resistance load (R 2 ) connected to said 
drain connection. 

6 . The amplifier of claim 5 wherein said field effect 
10 resistance load at said drain connection (R 2 ) is approxi- 
mately equal in magnitude to said fourth resistance (R 7 , 

Rs). 

7. The amplifier of claim 3 wherein said shunt capaci- 
tance (C 5 ) is approximately equal in value to said series 

15 capacitance (C 4 ). 

8 . The amplifier of claim 1 wherein said first stage 
signal output means is a resistive load (R 2 ). 

9. The amplifier of claim 8 wherein said negative 
resistance is larger in magnitude than said resistive load. 

20 10. The amplifier of claim 1 wherein said first stage 

drives said second stage at said non-inverting input of 
said operational amplifier. 
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